Background The elevated D-dimer value is one of the clues used to diagnose acute aortic dissection (AAD), but the rapid D-dimer assay is not used at all emergency hospitals. The fibrinogen/fibrin degradation products (FDP) value is also an indicator of enhanced fibrinolysis and may therefore be a useful marker in patients with AAD. In addition, the association between FDP values and partial thrombosis of the false lumen is not elucidated. Patients The present study enrolled 50 patients (66.5±11.2 years of age; median, 66.5 years of age, male subjects comprised 60.0% of the series) with AAD who were admitted to the hospital between July 2005 and December 2007 and 57 patients with acute myocardial infarction (AMI; 70.8±10.4 years of age; median, 71.0 years of age, male subjects comprised 71.9% of the current series) served as a control group.
Introduction
Acute aortic dissection (AAD) is a life-threatening cardiovascular disease and should be diagnosed as early as possible. The mortality of patients with type A dissection is 1-2% per early hour after the onset of symptoms (1, 2) . Although the sudden onset of severe sharp back or chest pain is the most characteristic symptom, many patients with other diseases such as acute coronary syndrome, musculoskeletal pain, pericarditis and pulmonary embolism show similar clinical presentation (3) . Therefore, the diagnosis of AAD requires a high index of suspicion and it can be sometimes overlooked, ultimately resulting in an unfortunate course.
Laboratory testing plays a minor role in diagnosing AAD, but current evidence indicates that the concentration of the D-dimer, which is the degradation product of cross-linked fibrin in patients with AAD is increased with a high sensitivity, and the measurement in all the suspected cases is valuable for excluding the possibility of AAD (4, 5) . However, a rapid assay to quantify the D-dimer is not currently being used in all emergency hospitals, and an alternative modality is therefore required. Fibrinogen/fibrin degradation products (FDP), generated by the fibrinolytic system as D-dimer molecules, can be assayed rapidly and inexpensively and may therefore be a useful marker for AAD (6) . The aim of the present study was to demonstrate that elevated FDP is useful as a marker in the diagnostic work-up of patients with AAD.
T a b l e 1 . P a t i e n t De mo g r a p h i c Da t a o f t h e Ac u t e Ao r t i c Di s s e c t i o n ( AAD) a n d t h e Ac u t e My o c a r d i a l I n f a r c t i o n ( AMI ) Gr o u p s

Methods
The study group included 50 patients with AAD who were admitted to St. Mary's Hospital, Kurume between July 2005 and December 2007, and whose FDP levels were determined at the time of admission. Fifty-seven patients with acute myocardial infarction (AMI) served as the control group. The diagnosis of AAD was defined by contrastenhanced computed tomography (CT), which showed rapid development of an intimal flap separating the true and false lumens (2) . If the false lumen was determined to be completely thrombosed, the central displacement of the intimal flap, calcification or separation of intimal layers was therefore regarded as definitive signs of aortic dissection. AMI was diagnosed when biochemical markers of myocardial necrosis typically changed with at least one of the following: a) ischemic symptoms; b) development of pathologic Q waves on the electrocardiograms; c) electrocardiographic changes indicative ischemia (ST segment elevation or depression); or d) coronary artery intervention (7) . The plasma FDP levels were assessed using the latex immunoassay method (Latex test BL-2 P-FDP; Sysmex, Kobe, Japan). The standard value of the plasma FDP was < 5.0 μg/mL. The average time from the onset of AAD to the time of blood sampling was 12.8±27.7 hours (median, 4.0 hours), excluding 4 patients whose onset times were not clearly defined. In addition, the CT images of 35 surviving patients who were discharged without surgery were obtained just before the time of discharge (21.6±10.9 days; median 21.5 days af-ter admission) and were classified on the basis of partial thrombosis. The partial thrombosis status was defined when both flow and thrombus were present in the false lumen (8) .
To investigate the relationship between the FDP values and D-dimer of patients with AAD, we retrospectively examined consecutive 11 patients with AAD who were admitted to Saga Prefectural Hospital Koseikan, Saga, between January and December 2009. Because the rapid assay of FDP and D-dimer were each available at that institution, but the rapid D-dimer assay of was not available at St. Mary's Hospital. Seven of the 11 patients who had FDP and Ddimer levels determined at the time of patient admission were included in the analyses of correlation.
Statistical Analysis. Quantitative data are presented as the mean value ± SD, median and percentile range, and qualitative data are presented as frequencies. Continuous variables between 2 groups were compared using the Mann-Whitney U test. Categorical variables were compared with the chisquare test. The correlation analyses were performed using Spearman's rank test. The receiver operating characteristic curves were constructed by plotting the sensitivity vs. 1specificity for predicting the diagnosis of AAD and a partially-thrombosed false lumen. All probability values are two-tailed, and p-values of less than 0.05 were considered to be statistically significant. All of the statistical analyses were performed using the SPSS software program (SPSS, Inc., Chicago, Ill).
Results
The patient characteristics of the AAD and the AMI groups are presented in Table 1 . All the patients except for one patient in the AAD group were admitted to the emer-
F i g u r e 1 . Re c e i v e r o p e r a t i n g c h a r a c t e r i s t i c ( ROC) c u r v e s f o r t h e p r e d i c t i o n o f a c u t e a o r t i c d i s s e c t i o n b y t h e l e v e l o f f i b r i n o g e n / f i b r i n d e g r a d a t i o n p r o d u c t s . T h e a r e a u n d e r t h e ROC c u r v e ( AUC) ± S E M i s i n d i c a t e d .
gency department of St. Mary's Hospital. The AAD patients were younger and had a greater occurrence of hypertension and lower frequency of diabetes mellitus and dyslipidemia than the AMI group. Both the FDP values and the systolic blood pressures at admission of the AAD group were significantly higher than the AMI group, while the platelet counts were found to be lower in the AAD group. With respect to the Stanford classification, types A and B were comprised of 18 (36%) and 32 patients (64%), respectively. There was no correlation between FDP levels and the time from symptom onset (r=0.06, p=0.68). Surgical repair was performed in 11 patients, 2 of which were performed on an emergency basis. The FDP values (μg/mL) of 5 patients who died during the in-hospital course were higher than those of the surviving patients who were discharged (34.0± 64.8; median, 13.4 vs 96.5±158.6; median 33.5, p=0.04). A receiver operating characteristic curve analysis revealed that FDP was highly predictive of a diagnosis of AAD (area under the receiver operating characteristic curve 0.87±0.03 (SE), p<0.01; Fig. 1) . The sensitivity and specificity were 98% and 54%, respectively, at a cutoff value of 2.05 μg/mL and a negative predictive value of 96.8%.
The CT images of 35 surviving patients who were discharged without surgery were obtained prior to patient discharge, and we classified the status of the false lumen as the partially thrombosed lumen group (n=14) and the patent or completely-thrombosed lumen group (n=21). The patient characteristics of these groups are presented in Table 2 ; the partially-thrombosed lumen group had a higher frequency of diabetes. The FDP levels of the partially-thrombosed lumen group were higher than in the patent or completelythrombosed lumen group (35.8±43.2; median, 18.8 vs. 14.0± 21.3; median, 5.5, p=0.01). A receiver operating characteristic curve analysis showed that FDP was highly predictive of a partially-thrombosed false lumen (area under receiver op-erating characteristic curve 0.75±0.09 (SE), p=0.01; Fig. 2) . The sensitivity and specificity were found to be 79% and 67%, respectively, at a cutoff value of 11.1 μg/mL and a negative predictive value of 82.3%.
In the analyses of correlation between the FDP and Ddimer levels, the mean age of 7 AAD patients who were admitted to the Saga Prefectural Hopital Koseikan was 73.3± 15.0 years of age, and the male patients comprised 42.8% of the patient series. There was a good correlation between the FDP and D-dimer values (r=0.883, p<0.01).
Discussion
There are at least three biomarkers, D-dimer, myosin heavy chain and soluble elastin fragments, which have been reported to be useful for the diagnosis of AAD (9) . D-dimer testing provides a high level of sensitivity and a negative predictive value, and is useful to rule out AAD in cases of clinical suspicion (10) . In the cohort study by Sodeck et al, the D-dimer values of 65 patients with proven AAD were analyzed. The mean negative predictive values for different cut-off levels ranged from 92% for a cut-off level of 0.9 μg/ mL to 100% for a cut-off level of 0.1 μg/mL, and a Ddimer <0.1 μg/mL will therefore exclude AAD in all cases (11) . It has been also reported that D-dimer concentrations can provide prognostic information (12) . Therefore, measurement of the D-dimer value is a valuable tool to diagnose and manage patients with suspected AAD. Recently, a rapid bedside D-dimer assay was developed for the detection of pulmonary embolism, deep vein thrombosis and AAD (13) .
The present study revealed highly elevated FDP values in the AAD patients. FDP is a product of the degradation of fibrinogen and fibrin, and is an indicator of enhanced primary and secondary fibrinolysis. Conversely, D-dimers are a product of fibrin degradation and an indicator of enhancement of the secondary fibrinolysis system. Despite these differences, the present study showed a positive linear correlation between the plasma levels of D-dimer and FDP, and the significant association of these two factors has also been reported in another study (6) . Therefore, these 2 biomarkers may be useful in more practical applications. In addition, there have been 4 previous reports that address elevated FDP values in patients with aortic dissection (14-17), but none of these reports compared the FDP values at the time of patient admission between patients with AAD and control subjects to reveal the usefulness of FDP in diagnosing patients with AAD. Therefore, to the best of our knowledge, this is the first report that has demonstrated sensitivity and negative predictive values of FDP in the initial assessment of AAD, suggesting that the measurement of FDP may be an alternative tool for the measurement of D-dimer levels.
The mortality of patients with AAD is an important concern even after they are discharged from the hospital. Recently, partial thrombosis of the false lumen was reported to be the strongest independent predictor of post-discharge Data are expressed as percentile or number (percentage). FDP: fibrinogen/fibrin degradation products mortality (8) . The present study showed that the FDP values of patients with a partially thrombosed false lumen were higher than those of patients with either a patent or completely-thrombosed false lumen. Elevated FDP levels are not surprising, because the thrombogenicity of the false lumen is the main factor that activates the entire coagulation cascade and may be more hypercoagulable in a partiallythrombosed lumen than in a patent or completelythrombosed lumen. In addition, we were unable to examine whether the FDP levels were predictive of post-discharge mortality, because the long-term follow-up patient data were not available. However, a recent report by Kitada et al demonstrated that an FDP level of 20 μg/mL or higher at the time of admission in patients with acute type B aortic dissection was an independent predictor of aortic events at 1 year (14) . FDP may therefore be a useful independent predictor of post-discharge mortality. The retrospective design and the small numbers of subjects available in a single center were the principal limitations of the present study. The control group was limited to AMI patients and did not include all patients admitted for acute chest pain. In order to determine whether the measurement of FDP would rule out AAD, as well as whether the FDP levels would predict post-discharge mortality, larger prospective multicenter studies should therefore be conducted. Second, the comparative analyses between the FDP levels and the D-dimer of patients at St. Mary's Hospital are not yet completed, because the rapid D-dimer assay was not available. However, we showed a good correlation between the FDP and the D-dimer levels in patients with AAD at the Saga Prefectural Hospital Koseikan.
F i g u r e 2 . Re c e i v e r o p e r a t i n g c h a r a c t e r i s t i c ( ROC) c u r v e s f o r t h e p r e d i c t i o n o f a p a r t i a l l y -t h r o mb o s e d f a l s e l u me n p r i o r t o p a t i e n t d i s c h a r g e a c c o r d i n g t o t h e l e v e l o f f i b r i n o g e n / f i b r i n d e g r a d a t i o n p r o d u c t s . T h e a r e a u n d e r t h e ROC c u r v e ( AUC) ± S E M i s i n d i c a t e d .
T a b l e 2 . De mo g r a p h i c Da t a o f S u r v i v i n g P a t i e n t s Di s c h a r g e d wi t h o u t S u r g e r y
In conclusion, the measurement of FDP levels appears to be a useful method for the assessment of patients with suspected AAD in clinical practice.
